We employ density functional theory using the modified Becke-Johnson (mBJ) approach to investigate the electronic and magneto-optical properties of N-doped NaTaO 3 . The mBJ results reveal a half metallic nature of NaTaO 2 N, in contrast to results obtained by the generalized gradient approximation. We find a giant polar Kerr rotation of 2.16 • at 725 nm wave length (visible region), which is high as compared to other half metallic perovskites as well as to the prototypical half metal PtMnSb.
I. INTRODUCTION
Room temperature ferromagnetism has been reported for different doped oxides such as C/N-doped ZnO [1] [2] [3] , TiO 2 [4] [5] [6] , SnO 2 [7, 8] and confirmed recently [9] [10] [11] . Room temperature ferromagnetism with half metallicity is reported for N-doped SrTiO 3 and BaTiO 3 [12, 13] , in which the magnetic interactions between the nearest and next-nearest N dopants result in a strong ferromagnetic coupling [14] . Ferromagnetic half-metals have potential applications in spintronics devices [15, 16] and also show unusual magneto-optical effects due to a metallic state for one spin channel and an insulating state for the other. Yang et al.
have reported that a high concentration of N is required for achieving a magnetic long rang order in perovskite oxide [14] .
The perovskite oxide NaTaO 3 (NTO) is a ferroelectric material with high permittivity and low dielectric loss, which suggests usage in microwave devices [17] [18] [19] . Several ab-initio calculations have been performed to described the electronic properties of bulk NTO [20] but a detailed study of the electronic structure and magneto-optical properties of N-doped NTO is missing in the literature. The magneto-optical Kerr effect of doped NTO is interesting for magneto-optical reading and recording devices [21] . The N-doped perovskite oxide NTO is a 5d system. Therefore, electron correlation effects are expected to be small as compared to 3d systems such as SrTiO 3 and BaTiO 3 . In the following we establish a half metallic nature for NaTaO 1−x N x (x = 0.04 − 0.33) and discuss the electronic structure in comparison to the strongly correlated perovskites SrTiO 3 and BaTiO 3 . We also address the magneto-optical Kerr effect in N-doped NTO.
II. COMPUTATIONAL METHOD
Our calculations are based on density functional theory, using the full-potential linearized augmented plane wave approach as implemented in the WIEN2k code [22] . We use the modified Becke-Johnson (mBJ) exchange correlation potential [23] . The popular generalized gradient approximation (GGA) [24] is employed to optimize the volume and the internal atomic coordinates. In general, the unit cell is divided into non-overlapping atomic spheres centered at the atomic sites and an interstitial region. The convergence parameter R mt K max , where K max is the plane-wave cut-off and R mt is the smallest muffin-tin radius, controls the size of the basis set. This convergence parameter is set to 7 together with G max = 24. We use 66 k-points in the irreducible wedge of the Brillouin zone for calculating the electronic structure and a dense mesh of 480 k-points in the magneto-optical calculations. The cubic phase Pm3m (a = b = c = 3.93Å and α = β = γ = 90
• ) of NTO [25] is used in the present calculations for simplicity because the differences to the monoclinic phase P 2/m (a = 3.8995
A, b = 3.8965Å, and c = 3.8995Å, α = γ = 90
• , and β = 90.15
• ) are subordinate [26] . As a consequence, the electronic band structures and density of states (DOS) are found to be very similar in both phases [27, 28] .
III. RESULTS AND DISCUSSION
Our optimized lattice parameter (using the GGA) of cubic NTO is 3.98Å, which is in good agreement with the experimental value of 3.93Å [25] . We replace one O with one N to form the oxynitrate (NaTaO 2 N). The optimized lattice parameters of NaTaO 2 N is slightly increased to 4.03Å. In order to find the magnetic ground state, we construct a 1 × 1 × 2 supercell using the optimized structure and replace two O atoms with N. We compare the ground state energies of ferromagnetic (FM) and anti-ferromagnetic (AFM)
configurations. The magnetic energy E mag = E F M − E AF M = −51.3 meV, and the N-N distance is ∼4Å with a total magnetic moment of 2 µ B per cell (or 1 µ B per N atom) in FM case. The Curie temperature T C is calculated using the mean-field Heisenberg model,
i.e., T C = (2/3)E mag /k B [29, 30] . The calculated T C for NaTaO 2 N is 396 K, which is close to that of N-doped SrTiO 3 and BaTiO 3 at the same N-N distance [14] . In order to observe the long range FM order, we study a high N-doping of 33% by replacing one O by one N , where N is the number of states at the Fermi level) of NaTaO 2 N is obtained ∼94%. In order to find the exact N-concentration at which the character of the system changes from a half-metal to metal, we construct a 3 × 3 × 3 supercell and vary the N-concentration from 4% to 33% (including SOC in the calculations). In Fig. 1(a) , we plot the spin-polarization as a function of the Nconcentration. Below 16% N-doped, NTO shows a ∼99.8% spin-polarization which decreases sharply to ∼ 94% at 33% N-doping. In Fig. 1(b) , we plot the hole density (holes per volume)
for the majority spin channel. Similar to the spin-polarization, the hole density increases rapidly upto 46. half-metallic ferromagnetism in zincblende MnAs, which turns into a half-metal without affecting the d t 2g bands. We apply the same method to NaTaO 2 N. The calculated band structure and DOS in Fig. 2 show a truly half-metallic nature for NaTaO 2 N. The majority spin bands are similar to pristine NTO with a gap of 3.96 eV, which is in excellent agreement with experiments [28] and the previous GW calculations [27] . The minority spin channel is metallic due to a non-zero DOS at the Fermi level. The band splitting at the Fermi level along R-Γ and M-Γ is very small, while along Γ-X-M, it is large. The calculated plasma frequency ω p from the minority spin channel due to metallic nature, is 2.7 eV, which is smaller in the ferromagnetic half-metal PtMnSb (ω p = 4.5 eV) [32] , reflecting less dispersed bands. The calculated DOS shows that the valence bands (majority spin) are a combination of N 2p and O 2p states. The bottom of the conduction bands is composed of Ta 5d states (see Fig. 2 ). For the minority spin channel, the N 2p bands cross the Fermi level (with small O 2p contributions). The N 2p
↑↓ states split into (p x + p y ) ↑↓ and p Intense search aim at materials with large magneto-optical peaks in the low wave-length region to be used for high-density storage [33] . Both borates [34] and Zintl compounds [35, 36] , can shows a remarkable Kerr signal in the low energy range. The Kerr rotation θ K and Kerr ellipticity ε K of half metallic NaTaO 2 N are shown in Fig. 3 . We find a value of θ K = 2.16
• at 1.71 eV (∼725 nm), which is higher than in BiNiO 3 (θ K = 1.28
• ) [37] and the Heusler compound PtMnSb (θ K = 1.27
• ) [38, 39] . The high Kerr angle is an intraband effect, and not due to the SOC (which creates an imbalance in the optical transitions in PtMnSb and NiMnSb [40] , for example. For the minority spin channel, the band structure of NaTaO 2 N shows a set of parallel bands across the Fermi level (R-Γ, Γ-X-M, and Γ-M) which consist of N 2(p x + p y ) ↓ states. These parallel bands give rise to intraband transitions which contribute significantly to the Kerr spectrum in the low energy range. In NaTaO 2 N, the separation between these bands is much smaller than in PtMnSb [40] . This past explain the higher magneto-optical Kerr effect in NaTaO 2 N. The calculated Kerr ellipticity ε K has a maximum of ∼1.7
• at 1.6 eV.
IV. CONCLUSION
In conclusion, we have presented first principles results of the band structure, DOS, and magneto-optical properties of N-doped NaTaO 3 , as obtained from density functional theory. Our results for NaTaO 1−x N x (x = 0.04 − 0.33) show that the GGA+SOC approach gives a 99% spin-polarization at low N-concentrations upto 16%. The mBJ+SOC approach results in a pure ferromagnetic half-metal in contrast to the GGA+SOC. We observe a giant magneto-optical Kerr signal of θ K =2.16
• at ∼725 nm in NaTaO 2 N, which is the highest Kerr angle among the ferromagnetic half-metals in UV-visible region. The origin of the high Kerr angle is attributed to intraband transitions involving the N 2(p x +p y ) ↓ orbital due to parallel bands around the Fermi level. The large Kerr rotation in NaTaO 2 N in the visible region may find applications in red/infrared laser magneto-optical devices and the half metallic nature of NaTaO 2 N is interesting for spintronics devices. 
